Two strains of Gram-stain-positive, aerobic, spore-forming and rod-shaped bacteria, designated U13
The genus Tumebacillus, containing Gram-stain-positive, aerobic, rod-shaped, non-motile bacteria, was proposed by Steven et al. (2008) . To date, three species of the genus Tumebacillus have been recognized. These species inhabit various environments, such as permafrost, ginseng fields and wastewater. Novel bacteria, designated strains U13 T and U14, were isolated from Ukrainian soil, and 16S rRNA gene sequence analysis indicated that these strains could be included in the order Bacillales and the family Alicyclobacillaceae. In this study, we characterized the two novel strains, designated U13
T and U14. The phenotypic, chemotaxonomic and phylogenetic data collected proved that these isolates belong to the genus Tumebacillus. According to the data, these strains should be classified as representatives of a novel species in the genus Tumebacillus.
Strains U13
T and U14 were isolated from soil in the Ukraine (GPS, 488 229 26.110 N 318 109 52.200 E) . Soil samples were diluted in 0.85 % NaCl solution up to a factor of 10
26
. Aliquots of 100 ml of the diluted samples were spread on R2A (MB cell) agar plates containing 1.5 % agar. All single colonies were transferred onto new plates. The isolates were kept for an additional incubation of 3 days at 28 8C. The colonies isolated were identified using partial 16S rRNA gene sequences, obtained through Macrogen.
Gram staining, cell morphology and motility were tested with cells grown for 2 days at 28 8C on R2A agar. The Gram reaction was determined following the classic Gram procedure described by Doetsch (1981) . Cell morphology and motility were observed with a phasecontrast microscope (Nikon light microscope; 61000 magnification). Oxidase activity was tested using 1 % p-aminodimethylaniline oxalate, and catalase activity was determined by bubble production after the addition of 3 % (v/v) hydrogen peroxide solution (H 2 O 2 ). An anaerobic growth test was performed by using an anaerobic jar. Cells of strain U13
T and U14 were streaked on R2A agar plates and kept at in an anaerobic jar with an anaerobic gas pack (BD). Bacterial growth was observed for 14 days. (Dong & Lee, 2011; Kempf et al., 2005) for 7 days. Spores were stained with Schaeffer-Fulton stain (Schaeffer & Fulton, 1933) and observed with a phase-contrast microscope (Nikon light microscope; 61000 magnification).
Because strains U13
T and U14 showed no growth in liquid media, all of the growth tests were performed on agar plates. Growth on different media was investigated on trypticase soy agar (TSA, Difco), Luria-Bertani agar (LB, MB cell), nutrient agar (NA, MB cell) and R2A agar (R2A, MB cell). Temperature allowing growth was investigated on R2A agar at temperatures ranging from 4 to 42 8C. The pH range allowing growth was determined on R2A agar plates adjusted to pH 5.0-9.0 at intervals of 1.0 pH unit. NaCl tolerance was tested on R2A agar plates containing various concentrations of NaCl, from 0 to 3 % (w/v).
Strains U13
T and U14 produced yellow-coloured, convex colonies when cultured on R2A agar plates at 28 8C. Both strains were Gram-stain-positive, non-motile, spore-forming ( Fig. 1) and long rod-shaped bacteria. No growth was observed under anaerobic conditions within 14 days. The strains were able to grow on R2A agar plates at 25-42 8C but exhibited only weak growth at 25 8C. Optimum growth was observed at 28-37 8C. Growth occurred at pH 5.0-9.0 and with 0-1 % NaCl, but no growth was observed at pH 4 or with 2 % NaCl. Results regarding the physiological characteristics of strains U13
T and U14 are summarized in the species description, and a comparison of selective characteristics with related type strains is shown in Table 1 .
To determine the phylogenetic relationships of each of the novel isolates, their 16S rRNA genes were amplified from chromosomal DNA by PCR using primer set 27F (59-AGAG-TTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTA-CCTTGTTACGACTT-39) (Weisburg et al., 1991) . The purified PCR products were sequenced by Macrogen in South Korea. The 16S rRNA sequences were aligned using SeqMan software (DNASTAR). Identification of the most closely related strains was performed using the Ez-biocloud server (Kim et al., 2012 ; http://www.ezbiocloud.net/eztaxon). The 16S rRNA gene sequences of related taxa were obtained from NCBI and edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Pairwise distances were calculated using the Kimura two-parameter model (Kimura, 1983) . The neighbour-joining (Saitou & Nei, 1987) maximum-parsimony (Fitch, 1971) and maximum-likelihood methods in the MEGA 6 program (Tamura et al., 2013) were used for reconstructing the phylogenetic tree. Bootstrap analysis with 1000 replicates was also conducted to obtain confidence levels for the branches (Felsenstein, 1985) .
The 16S rRNA gene sequences of strains U13
T and U14 were found to be continuous stretches of 1462 and 1465 nt, respectively. The 16S rRNA gene sequences of related taxa were obtained from GenBank. According to the sequences, strains U13
T and strain U14 belong to the phylum Firmicutes, the class Bacilli, the order Bacillales and the family Alicyclobacillaceae. T (90.88 % and 90.96 %, respectively), which exhibited a lesser degree of sequence similarity. After the neighbour-joining, maximum-parsimony and maximumlikelihood analysis, the phylogenetic tree indicated that strain U13
T was clustered with the type strains of species of the genus Tumebacillus (Fig. 2 , and Figs S1 and S2 available in the online Supplementary Material).
DNA-DNA hybridization values between strains U13
T , U14 and type strains of species of the genus Tumebacillus 
Alicyclobacillus hesperidum DSM 12489 T (AB059678)
Alicyclobacillus fastidiosus S-TAB T (AB264021)
Alicyclobacillus aeris ZJ-6 T (FM179383)
Alicyclobacillus tolerans K1 T (AF137502)
Alicyclobacillus contaminans 3-A191 T (AB264026) Alicyclobacillus pomorum 3A T (AB089840)
Tumebacillus luteolus U13 T (KP050358) Tumebacillus luteolus U14 (KP050359)
Planococcus maitriensis S1 T (AJ544622) Planococcus rifietoensis M8 T 5-9 5-9 5-9 5-9 5-8 6-9 Optimum pH range 6-9 6-9 6-9 6-9 5-8 6-9 NaCl tolerance (%) 0-1 0-1 0-3 0-1 0-3 0-3 Optimum NaCl tolerance (%) 0 0 0-3 0-1 0-3 0-3 were estimated by hybridization at 47.1 8C with photobiotin-labelled DNA probes (Ezaki et al., 1989) Table 2 . These results indicated that strain U13
T does not belong to any known species of the genus Tumebacillus.
For studies on assimilation, fermentation and enzyme activity, cells were grown on R2A agar at 28 8C for 2 days. Bacteria were collected from the plates, and the API 20NE, API ZYM and API 50CH systems were utilized according to the recommended methods (bioMérieux). Each strip was incubated at 28 8C. Reaction detection was performed using NIT1, NIT2, Zn powder and James reagent for API 20NE, and with ZYM A and ZYM B reagent for API ZYM. Fermentation reaction was determined by turbidity change. Also, assimilation tests of single carbon sources were performed by using mineral salt medium (MSM) agar medium [2.0 g K 2 HPO 4 , 2.0 g KH 2 PO 4 , 2.0 g (NH 4 ) 2 SO 4 , 1.0 g KNO 3 , 0.4 g NaCl, 15.0 g agar, 1 ml 16 vitamin solution (Widdel & Bak, 1992 ) and 1 ml 16 trace element solution (SL-10; Widdel et al., 1983) per litre of distilled water]. Each carbon sources was added individually at 1.0 % (w/v), and the plates were incubated at 28 8C for 3 days.
In the enzyme activity tests, strain U13
T tested positive for acid phosphate, alkaline phosphatase, N-acetyl-b-glucosaminidase, esterase (C4), esterase (C8), a-glucosidase (starch hydrolysis), b-glucosidase, b-glucuronidase and naphthol-AS-BI-phosphohydrolase activity. Strain U14 showed positive enzyme activities similar to strain U13 T , but strain U14 also showed positive activity for valine arylamidase.
In the fermentation test, strain U13
T demonstrated fermentation using starch, D-arabinose, aesculin ferric citrate, glycogen, 5-ketogluconate, D-ribose and D-tagatose. Strain U14 showed the ability to ferment using N-acetylglucosamine, starch, aesculin ferric citrate, glycogen, 5-ketogluconate, D-lyxose, methyl a-D-glucopyranoside, raffinose, D-ribose, sucrose and D-tagatose.
In the assimilation test, strains U13
T and U14 could utilize N-acetylglucosamine, L-alanine, L-arabinose, D-glucose, glycogen, L-histidine, 3-hydroxybenzoic acid, inositol, lactic acid, maltose, D-mannitol, melibiose, L-proline, propionic acid, L-rhamnose, D-ribose, sucrose, L-serine, sodium acetate, D-sorbitol, trisodium citrate and valeric acid. Detailed characteristics are shown in Table 3 .
The cellular fatty acids of strains U13 T and U14, as well as the reference strains tested, were determined after growth on R2A agar for 2 days. Two 10 ml blue loops of wellgrown cells were harvested. Fatty acid methyl esters were prepared, separated and identified with the Sherlock Microbial Identification System (TSBA6, version 6.0; MIDI) (Sasser, 1990) .
The cell-wall profile was analysed using one-dimensional TLC on cellulose sheets, as described by Schleifer & Kandler (1972) . 2,4-diamnobutric acid (L-DAB), diaminopimelic acid (meso-DAP), c-aminobutyric acid (GABA), Lalanine, D-glutamic acid, glycine and L-serine were used as standard amino acids for analysis of the amino acid composition of the two strains, and for comparison with the reference strains.
The cellular fatty acid profiles of strains U13
T and U14 are shown in Table 4 , along with those of the related type strains of species of the genus Tumebacillus. The major cellular fatty acids (.10 %) of strain U13
T and strain U14 included iso-C 15 : 0 and summed features 1 and 4, while the minor fatty acids (,10 %) were anteiso-C 15 : 0 , C 16 : 0 iso-C 16 : 0 , and iso-C 16 : 1 H. The major cell wall peptidoglycan of both strains was meso-DAP.
All data obtained in this study (presence of meso-DAP in the cell-wall peptidoglycan; major fatty acid of iso-C 15 : 0 ) suggested that both strains could be classified as members of the genus Tumebacillus. Therefore, it is concluded that strain U13
T represents the type strain of a novel species within the genus Tumebacillus, for which the name Tumebacillus luteolus sp. nov. is proposed.
Description of Tumebacillus luteolus sp. nov.
Tumebacillus luteolus (lu.te.o9lus. L. masc. adj. luteolus yellowish).
Cells are Gram-stain-positive, aerobic, non-motile and rodshaped after growth on R2A media with 1.5 % agar at 28 uC for 2 days. Cells cannot grow well in liquid media and form spores when grown on spore media. Colonies grown for 2 days on R2A agar are pale white to yellow in colour, irregular and flat. Able to grow at temperatures ranging from 25 to 42 uC, but weak growth is observed at 25 uC, with the optimal growth temperature of 28-37 uC on R2A plates. Growth is observed at pH 5.0-9.0, with optimal growth from pH 6.0 to 9.0. Can tolerate up to 1 % NaCl. Weak growth is observed with 1 % NaCl, with optimal growth at 0 % NaCl (w/v). Both strains were positive for oxidase but negative for catalase. The major cellular fatty acids include iso-C 15 : 0 , summed feature 1 and summed feature 4. The major cell-wall diamino acid is meso-DAP. TR TR ----*Summed feature 1 consists of one or more of iso-C 15 : 1 H and/or C 13 : 0 3-OH. Summed feature 3 consists of C 16 : 1 v7c and/or C 16 : 1 v6c. Summed feature 4 consists of iso-C 17 : 1 I and/or anteiso-C 17 : 1 B. Summed feature 9 consists of iso-C 17 : 1 v9c or C 16 : 0 10-methyl.
Tumebacillus luteolus sp. nov.
